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Abstract 
In order to secure future energy and protect the environment, it is important to consider the possibilities of wind as a resource for 
electrical energy supply. To carry out this study in Cameroon, we chose the locality of Ngaoundere, in which an assessment of 
the wind energy resource was made. Different kinds of data have been collected about climate, topography, and roughness. The 
Observed Wind Climate of the meteorological station has been made. The Wind Atlas and the resource grid have been 
calculated, especially in the high wind resource areas. Annual Energy Production of one hypothetical wind farm consisting of 
four 1.65 MW turbines was estimated using the Weibull-representative wind data for a total of 12 months. The computed Annual 
Energy Production is 5,985 MWh and according to the International Energy Agency statistics, this production could enable the 
reduction of CO2 emission by 1200 tons per year. It was found that there is a good correlation between our calculation results and 
those of the Wind Atlas Analysis and Application Program (WAsP). 
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1.Introduction 
Recent years have witnessed a fundamental change in the way governments approach energy-related 
environmental issues. Promoting sustainable development and combating climate change have become integral  
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Fig. 1. (a) Topographic map of the Ngaoundere locality; (b) an aerial view of the site; (c) the map of modelled obstacles. 
aspects of energy planning, analysis and policy making in many countries. In Cameroon, the question of 
development and environment are at the heart of the energy transition. The wind energy, which confirmed its status 
as the number two source of renewable electricity production in 2012, is now the most likely renewable energy 
source to back up the hydropower supply in halting the relentless increase in fossil fuel used to generate power [1]. 
However, this energy remains unexploited in Cameroon [2] in spite of its theoretical potential in the North of the 
country. The aim of this paper is to carry out the wind characteristic of the Ngaoundere locality and furthermore 
provide a wind resource map useful for the selection of suitable areas for wind park installation. It is a technical 
study that aims at bringing an efficient help to all decision makers, with respect to the planning and realization of 
wind energy projects. For this, we have collected and processed the data of our site. Then, using the models we have 
validated, we performed an assessment of the energy potential of this site. 
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2.Methods 
2.1.Collection and processing of data 
2.1.1.Wind 
Data about wind used in this work were obtained at the meteorological airport station of Ngaoundere. These wind 
data were recorded every day at 30 minute intervals during a 12-month period at the standard height of 10 m above 
the ground level. 
2.1.2.Topography 
The topography data of our study area were collected using Google Earth in order to create a xyz coordinate file. 
Then, this file was interpreted using Golden Surfer and our topographic map was generated (Fig. 1 (a)). 
2.1.3.Obstacle and roughness 
From several meticulous visits and aerial view of our site, we have identified and taken into account the main 
terrain roughness and obstacles around the site of data collection (Fig. 1 (b)-(c)). 
2.2.Modelling of the observed wind speed distribution 
The probability density function f(v) indicates the fraction of time for which the wind is at a given speed v 
[3,4,5]. 
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The cumulative distribution function F(v) gives the fraction of time that the wind speed is equal or lower than v 
[6]. 
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According to Seguro and Lambert (2000) [7], when the wind speed data are available in the frequency 
distribution format, Weibull parameters are estimated using Eqs. (3) - (4). 
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In this work, Eq. (3) is solved using an iterative procedure with a Fortran 90 code. The initial guess is k = 2 [7]. 
After the convergence of the k value, Eq. (4) is solved explicitly. 
The mean wind speed and the power density, following the Weibull distribution, is given by Eq. (5)-(6) [4, 6]. 
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The energy pattern factor EPF is given by Eq. (7) below [4]: 
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2.3.Modelling of the vertical extrapolation of the wind speed 
The Hellmann exponential law was used since it was found to give a reasonably accurate representation of wind 
speed profiles and can be used to adjust the data reasonably well from 10 m up to 150 m above ground level [8, 9, 
10]. 
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where Z̅ is the geometric mean height of observations at HR and H: 
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Our site has a moderate relief and is tree covered. By using the table of roughness length of different types of 
surface given by McRae et al. (1982) [11], we estimated the roughness length to be ZO = 1.0 m. Also, by using the 
Pasquill dispersion classes [12, 13] we determined that the class stability of our site is B (unstable). Hence, ϕ and ψ 
stability functions were selected [9]. 
  
 P   O   
 &! $  (11) 
  
 P O
 @MB%! @M%! B@B%! @%! B O    O  <  (12) 
with:  
 P   O   
 ! $  (13) 
< P   O  < 
 ! $  (14) 
The inverse of the Monin – Obukhov length 1/L can be calculated as a function of Z0 [9, 12]. 
 
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where coefficients a and b are tabulated in [12] as a function of the stability class. 
2.4.Modelling of the power curve 
Actual power curves are rather smooth and can be well approximated by a piece-wise linear function with a few 
nodes (Pi, vi). The mean power production PEL based on a Weibull probability density function can be expressed by 
Eq. (16) [14]. 
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Fig. 2. Weibull probability density function compared with the observed wind speed frequency histogram. 
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Hence, the annual energy production is 
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/2  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NH is the time period of data collection; its value is 8784 hours (leap year). 
3.Results and discussion 
Weibull parameters, the mean speed at 10 m, the energy density, the mean wind speed at 100 m and the Annual 
Energy Production (AEP) have been calculated by our Fortran code and the results presented in Table 1 are 
compared to those obtained by WAsP. 

The values of Weibull parameters calculated by the modified maximum likelihood method are very close to those 
obtained by WAsP [15]. An agreement is also observed on the mean wind speed and the energy density calculated at 
10 m. 
After values of k and C had been determined, it was now possible that the Weibull distribution be fitted to the 
observed frequency of the wind speed obtained from data. Fig. 2 shows the wind speed Probability Density Function 
(PDF) of Weibull with parameters determined by the modified maximum likelihood method. The solid line in blue 
represents the Weibull PDF while the black line represents the observed wind speed frequency histogram. It can be 
seen in this figure that the PDF curve seems to match well the histogram. 
In order to select suitable areas for a wind farm, we have performed a wind resource extrapolation of our site 
using for this task, the topographic map that we have generated and the WAsP software.  
Table 1. Weibull parameters, mean wind speed, mean energy density and AEP at the meteorological station of Ngaoundere. 
 k C (m/s) V̅ 10 m (m/s) ED10m (W/m2) EPF V̅ 100 m (m/s) AEP (MWh) 
Our results 1.236274 1.690723 1.578156 7.593257 3.767907 3.618266 1226.3 
From WAsP 1.230 1.700 1.570 8.00 - 3.580 1257.0 
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Fig. 3. Maps of the mean wind speed over our site in Ngaoundere at 100 m height. On (a), the wind rose indicates the meteorological station 
where data were collected and the zones in red are expected to have a high wind resource. On (b) the high wind resource zones are coloured in 
blue. 
One of the outputs consists of predictions of the wind speed distribution (Figs. 3(a)-(b)) over the whole area. For 
each node of the map, the wind speed was computed knowing the height Z. The results of the computation are 
showed in Fig. 3. The map (b) is a 3D plot of the wind speed distribution and was carried out by using the Golden 
software. 
Zones with high wind resource are coloured in red. As expected, the resource is relatively high along the crest of 
the hills and in particular over the big hill to the East of the data collection site. However, the resource is low around 
the data collection site and lower over zones with small elevations in the northern and north-eastern parts of the 
resource map area. In the next step, we decided to explore a particular zone of higher wind resource: the hill at the 
East of data collection site. Its localization coordinates are UTM 33 387,000 m – 391,680 m E and 810,500 m – 
815,180 m N. 
One hypothetical wind farm (Fig. 5) consisting of four 1.65 MW turbines (Vestas V82) was simulated on this 
particular zone. After computations, the output consists of predictions of the mean wind speed, the total energy 
produced (Gross), the AEP (Net) and the wake effects (Loss).  
Fig. 4. The Projection of the selected area on the Earth. 
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Fig. 5. The selected area and the hypothetical wind farm at the East of Ngaoundere town. 
The turbine height is 100 m. Table 2 shows the statistics for each wind turbine of the wind farm. 
For the particular zone with higher wind resource that we choose, the AEP of a hypothetical wind farm consisting 
of four turbines of 1.65 MW was 5,985 MWh. 
According to the International Energy Agency statistics, CO2 emissions per kWh from electricity generation in 
Cameroon are 200 grams [16]. The production of such wind farms could thus enable to reduce the CO2 emissions by 
1200 tons per year. 
Table 2. The wind turbine siting and their annual energy production. 
Site description X-location [m] Y-location [m] Elev. [m] U [m/s] Gross[GWh] Net [GWh] Loss [%] 
Turbine site 001 388920.6 813708.4 1500 3.87 1.485 1.469 1.08 
Turbine site 002 388629.5 814322.1 1500 3.93 1.548 1.532 1.04 
Turbine site 003 387857.5 814366.2 1500 3.97 1.576 1.549 1.72 
Turbine site 004 388134.0 813801.4 1500 3.89 1.501 1.435 4.40 
 
4.Conclusions 
In this study, we aimed to provide a wind resource map and a technical study concerning the Ngaoundere 
locality. Also, in order to model useful physical parameters for the wind potential assessment, we used some models 
and our computing results were compared with those of WAsP. 
From the wind atlas generated, we elaborated the wind resource card of the locality of Ngaoundere. On this card, 
we selected one zone of higher wind resource in which it is assumed that there is one hypothetical wind farm, 
consisting of four 1.65 MW turbines in appropriate configurations. AEP of that wind farm is computed to be 5,985 
MWh and it is expected that this production would enable us to avoid the rejection of 1200 tons of CO2 per year in 
the environment. 
It was also found that the predictions of models that we used compared to WAsP predictions agreed as well. 
Furthermore, the modified maximum likelihood method proposed by Seguro and Lambert in 2000, which is 
recommended for use with wind data in frequency distribution format, is one of the best methods which can be used 
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to determinate Weibull parameters. Weibull distribution appears to be fine for the assessment of the wind potential 
and the energy output. 
On a global level, CO2 emissions are growing with the energy demand. Because it is now an urgent need to 
reconcile our development model with the increasing environmental and social stakes, we expect that this work will 
contribute to making wind power one of the future pillars for electricity supply in the rural areas in the north of 
Cameroon and thus consolidate its implication in the sustainable development. 
Research in this area is still in its starting phase in Cameroon. One of the main obstacles is the lack of 
infrastructure. A partnership between European and African universities would be fruitful for both parts. Africa 
might benefit from the EU expertise and infrastructures and EU in return might receive from Africa his own 
experience and availability of researchers. 
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